The clinical significance of Mycobacterium kansasii respiratory isolates is uncertain. The aims of this study were to determine the clinical relevance of M. kansasii isolates and to identify the clinical features and outcomes of M. kansasii lung disease. We reviewed the medical records of 104 patients from whom at least one respiratory M. kansasii isolate was obtained from January 2003 to July 2014 at Samsung Medical Center, South Korea. Of these 104 patients, 54 (52%) met the diagnostic criteria for nontuberculous mycobacterial lung disease; among them, 41 (76%) patients received antibiotic treatment for a median time of 15.0 months (interquartile range [IQR], 7.0-18.0 months). The remaining 13 (24%) without overt disease progression were observed for a median period of 24.0 months (IQR, 5.0-34.5 months). Patients with M. kansasii lung disease exhibited various radiographic findings of lung disease, including the fibrocavitary form (n = 24, 44%), the nodular bronchiectatic form (n = 17, 32%), and an unclassifiable form (n = 13, 24%). The fibrocavitary form was more common in patients who received treatment (n = 23, 56%), while the nodular bronchiectatic form was more common in patients with M. kansasii lung disease who did not receive treatment (n = 9, 70%). None of the patients with a single sputum isolate (n = 18) developed M. kansasii disease over a median follow-up period of 12.0 months (IQR, 4.0-26.5 months). In total, 52% of all patients with M. kansasii respiratory isolates exhibited clinically significant disease. Moreover, patients with M. kansasii lung disease displayed diverse radiographic findings in addition to the fibrocavitary form. The nodular bronchiectatic form was more common in patients with M. kansasii lung disease with an indolent clinical course. Thus, since the clinical significance of a single M. kansasii respiratory isolate is not definite, strict adherence to recommended diagnostic criteria is advised.
Introduction
Nontuberculous mycobacteria (NTM) are environmental organisms that can be isolated from water, soil, plants, animals, and dust [1, 2] . NTM are increasingly recognized as pathogenic to humans, with pulmonary disease being the most common manifestation of NTM infection [3, 4] . Unlike Mycobacterium tuberculosis, NTM derived from respiratory isolates must be examined to distinguish colonizer or contaminant from a true pathogen responsible for lung disease. Therefore, the American Thoracic Society (ATS) and the Infectious Diseases Society of America (IDSA) have issued diagnostic criteria for NTM lung disease [5] .
Mycobacterium kansasii is a slow-growing NTM and the second most common cause of NTM lung disease in some European countries including the United Kingdom, Slovakia, and Poland [6] . Traditionally, M. kansasii has been considered the most virulent NTM species and the presence of a single M. kansasii isolate in a sputum sample has been believed to be clinically significant by many experts [7, 8] . However, the degree of correlation between M. kansasii isolation respiratory samples and true lung disease has not been definitely established. Previous reports from the United States and the United Kingdom found that more than 70% of all patients with a respiratory isolate of M. kansasii had clinically relevant disease [9] [10] [11] . However, studies from Asian countries found that only 17% of all M. kansasii isolates from respiratory samples were clinically relevant according to the ATS/IDSA diagnostic criteria [12] .
The typically recognized clinical presentation of NTM lung disease, including M. kansasii lung disease, is an apical fibrocavitary form that is nearly identical to pulmonary tuberculosis. This type of disease usually develops in older males with a history of lung disease, such as previous pulmonary tuberculosis [5] . NTM lung disease can also present with nodular infiltrates, which frequently involve the right middle lobe and the lingular segment of the left upper lobe (nodular bronchiectatic form). This form of disease occurs predominantly in postmenopausal, non-smoking females and is also common in Mycobacterium avium complex (MAC) lung disease [13] [14] [15] . However, the nodular bronchiectatic form of M. kansasii lung disease has not been well described in the literature.
In South Korea, the frequency of NTM isolation and the number of patients diagnosed with NTM lung disease are both steadily increasing [16, 17] . M. kansasii has been shown to represent only 1-2% of all NTM isolates and pathogens in NTM lung disease in South Korea [16] [17] [18] . In this study, we reviewed the medical records of all patients from whom M. kansasii was isolated from respiratory specimens taken during a 12-year period at our institution. The aims of this study were to determine the clinical relevance of M. kansasii isolates and to identify the clinical features and outcomes of M. kansasii lung disease.
Patients and Methods
Using our mycobacterial laboratory database, all patients for whom an isolate of M. kansasii was present in at least one of two or more respiratory specimens taken at Samsung Medical Center (a 1,961-bed referral hospital in Seoul, South Korea) between January 2003 and July 2014 were identified. This retrospective observational study was approved by the Institutional Review Board of Samsung Medical Center (IRB No. 2014-10-093) and full permission was granted to review and publish information obtained from patient records. Informed consent was waived for the use of patient medical data because patient information was anonymized and de-identified prior to analysis.
During the study period, NTM species were identified using polymerase chain reaction (PCR)-restriction fragment length polymorphism analysis or a PCR-reverse blot hybridization assay of the mycobacterial rpoB gene [19, 20] . Antimicrobial susceptibility testing was performed at the Korean Institute of Tuberculosis. The minimum inhibitory concentration (MIC) of rifampin and clarithromycin was evaluated via the broth microdilution method and interpreted according to the National Committee for Clinical Laboratory Standard guidelines [21] , which had been implemented since January 2009 in Korea.
For each patient, clinical, microbiological and radiographic data were evaluated. Chest radiography scans and chest high-resolution computed tomography (HRCT) images were available for all patients and these images were reviewed by two of the authors (S. M. Moon and H. Y. Park) with respect to the presence or absence of nodules, consolidation, cavitary lesions, and bronchiectasis [22] . Patients were then diagnosed with M. kansasii lung disease if they met the 2007 ATS/IDSA diagnostic criteria [5] . After evaluating the clinical significance the M. kansasii isolates, the chest radiography and HRCT findings were classified as showing either the fibrocavitary form or the nodular bronchiectatic form. If the disease did not belong to either of these categories, it was deemed unclassifiable [23, 24] .
In patients with extensive lesions and respiratory symptoms, physicians started treatment for M. kansasii lung disease immediately. However, if patients had mild symptoms without clear progression, treatment was not initiated and they were instead followed regularly and sputum cultures were collected. During the follow-up period, patients who showed disease progression began treatment. At that time, the goal of treatment was maintenance of negative sputum conversion over 12 months with improvement in symptoms and performed images [15, 23] . When the patients were treated for M. kansasii lung disease, sputum conversion was defined as three consecutive negative cultures, with the time of conversion defined as the date of the first negative culture [15, 23] . The patients who completed treatment were followed regularly including repeated sputum acid-fast bacilli (AFB) culture for investigation of recurrence. Microbiologic recurrence was defined as two consecutive positive cultures after sputum conversion. Treatment outcomes were evaluated on December 31, 2014. At this point, if the intended treatment was finished, patient were categorized as having completed treatment and if patients were receiving treatment, they were categorized in the ongoing treatment group. If antibiotics were stopped with or without follow-up, patients were categorized as 'discontinued' or 'lost to follow-up,' respectively. Transfer of the patient to another hospital was described as 'transfer'; if the patient died in our hospital because of the progression of M. kansasii lung disease, they were classified as 'death during treatment'. In addition, for each patient, the test result of anti-human immunodeficiency virus (HIV) antibody screening was reviewed retrospectively.
All data are presented as medians and interquartile ranges (IQRs) for continuous variables and as numbers (percentages) for categorical variables. Data were compared using the MannWhitney U test for continuous variables and Pearson's χ 2 test or Fisher's exact test for categorical variables. All statistical analyses were performed using PASW Statistics 21 (SPSS Inc., Chicago, IL, USA).
Results

Baseline Characteristics
From January 2003 to July 2014, 104 patients were identified with M. kansasii-positive cultures from 230 respiratory specimens. These specimens consisted of 217 sputum samples, 12 bronchial washing fluid samples and 1 lung tissue aspiration sample. Out of 104 patients, 102 patients had three or more available specimens. The patient baseline characteristics are detailed in Table 1 . Of the 104 patients with M. kansasii respiratory isolates, 54 (52%) met the ATS/ IDSA diagnostic criteria for NTM lung disease and 50 (48%) did not meet the 2007 ATS/IDSA criteria for M. kansasii lung disease. However, there was no significant difference in baseline characteristics between two groups. In total, 71 males (68%) and 33 females (32%) were included in this study, with a median age of 59 years (IQR, 45-67 years). The median body mass index was 20.6 kg/m 2 (IQR, 18.8-22.9 kg/m 2 ) and 48 (46%) patients were nonsmokers. The most frequent pre-existing pulmonary disease was a prior history of pulmonary tuberculosis (n = 39, 38%), followed by bronchiectasis (n = 37, 37%) and chronic obstructive pulmonary disease (n = 17, 16%). All patients were immunocompetent except one patient with myelodysplastic syndrome; Anti-HIV antibody test screening was performed in 85 (82%) of 104 patients, and none of the untested patients had risk factors for HIV infection.
All 104 patients with M. kansasii isolates were followed for a median of 21.7 months (IQR, 9.0-33.2 months). After M. kansasii was isolated, a median of 7.0 (IQR 3.0-11.0) sputum cultures were obtained during follow-up period.
Comparison of Clinical Manifestations and Radiographic Findings Between Patients with M. kansasii Lung Disease Who Received Antibiotic Treatment Versus Those Who Did Not
Among 54 patients who met the ATS/IDSA diagnostic criteria for NTM lung disease, 41 (76%) received antibiotic treatment and the median duration from diagnosis to initiation of treatment was 1.7 months (0.3-3.8 months). The remaining13 (24%) patients with mild symptoms underwent regular follow-up without antibiotic treatment for a median time of 26.5 months (IQR, 8.8-35.3 months) and a median of 8.0 (IQR 3.0-11.5) sputum cultures were obtained during follow-up. Based on the chest radiography and HRCT findings in all 54 patients, 24 (44%) patients manifested the fibrocavitary form, 17 (32%) had the nodular bronchiectatic form, and 13 (24%) exhibited an unclassifiable form of M. kansasii lung disease. The diverse radiographic findings are shown in Fig 1. We compared clinical and radiographic manifestations between patients with M. kansasii lung disease who received antibiotic treatment versus those who did not. As shown in Table 2 , many of the clinical manifestations, including symptoms and the number of patients with a positive AFB smear, did not differ between the two groups. However, patients with M. kansasii lung disease who received antibiotic treatment were more likely to have the fibrocavitary form of disease than those who did not receive antibiotic treatment (56% vs. 8%, p = 0.002), while the nodular bronchiectatic form was observed more often in patients with M. kansasii lung disease who did not receive antibiotic treatment compared with those who did (20% vs. 70%, p = 0.002). In accordance with the disease type, patients with M. kansasii lung disease who received antibiotic treatment had significantly higher proportion of cavitary lesions on chest radiographs and HRCT scans compared with patients who did not receive antibiotic treatment (p = 0.001 on chest radiographs and p < 0.001 on HRCT scans).
Management and Treatment Outcomes in Patients With M. kansasii Lung Disease Who Received Antibiotic Treatment
Among the 41 patients who received antibiotic treatment, 16 (39%) initiated anti-tuberculosis treatment for presumed pulmonary tuberculosis until the definitive identification of M. kansasii. Regarding treatment regimens for M. kansasii lung disease, 29 (71%) patients received isoniazid, rifampin, and ethambutol, whereas 12 (29%) were treated with macrolide (azithromycin or clarithromycin), rifampin, and ethambutol (Table 3 ). The MIC of rifampin and clarithromycin via the broth microdilution method was available for 23 (56%) of the 41 patients who received treatment and 5 out of 23 patients had resistance to rifampicin. All patients who completed the M. kansasii treatment course achieved symptomatic and radiographic improvement and negative microbiologic conversion. Relapse occurred in one patient after 5 months of following a successful 18-month treatment course of isoniazid, rifampin and ethambutol. This relapse was successfully treated with clarithromycin, rifampin and ethambutol for 12 months. Treatment of M. kansasii lung disease was discontinued in three (7%) patients due to dyspepsia, urticarial, and poor adherence. All patients who received antibiotic treatment for M. kansasii disease had negative microbiologic conversion after a median time of 2.0 months (IQR, 1.0-3.0 months). The median total treatment duration in 41 patients was 15.0 months (IQR, 7.0-18.0 months) and the median follow-up duration after completion of intended treatment in 24 patients was 13.7 months (IQR 2.7-45.2 months).
Patients Who Were Not Diagnosed With M. kansasii Lung Disease
As shown in Table 4 , among 50 patients who did not meet the 2007 ATS/IDSA criteria for M. kansasii lung disease, 27 (54%) already had another pulmonary disease, including other NTM lung disease due to MAC (n = 14), Mycobacterium abscessus complex (n = 1), or mixed infection with MAC and M. abscessus (n = 2) and pulmonary tuberculosis (n = 10). These 27 patients were followed for a median of 22.1 months (IQR, 10.6-27.7months) and a median 6.0 (IQR, 2.0-9.0) sputum cultures were obtained in follow-up period. The remaining 23 (46%) patients had only a single sputum isolate out of two or more respiratory specimens taken during the follow-up period; this result was insufficient to meet the microbiological criteria for 
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Discussion
This study evaluated the clinical relevance and disease characteristics in 104 patients from whom M. kansasii respiratory isolates were obtained. We found that 52% of all patients with M. kansasii-positive respiratory cultures were ultimately diagnosed with M. kansasii lung disease; 76% of these patients received antibiotic treatment and had a favorable outcome. Moreover, M. kansasii lung disease exhibited diverse radiographic findings, including the nodular bronchiectatic form. Finally, we found that the isolation of M. kansasii from patients with tuberculosis or another NTM disease or a single sputum isolate was not associated with the development of M. kansasii lung disease during the follow-up period in patients who did not satisfy the diagnostic criteria. Our study included more than 100 patients, none of whom had HIV. Moreover, 52% of all patients from whom an M. kansasii respiratory isolate was obtained had clinically relevant disease. This finding is consistent with recent epidemiologic studies in Israel, Croatia and the Netherlands using the 2007 ATS/IDSA diagnostic criteria [25] [26] [27] . However, the clinical significance of M. kansasii respiratory isolates has been shown to vary from 17% to 88% (Table 5 ). This wide range of clinical significance might be explained by small study sizes [28] [29] [30] , the inclusion of many patients with pneumoconiosis [9] or HIV [11, 31] , or the use of previous diagnostic criteria [10, 12, 32] . One epidemiologic study in the UK [33] excluded patients with a single sputum isolate, leading to a relatively high estimation of the clinical relevance of M. kansasii respiratory cultures. In contrast to previous findings regarding the virulence and clinical significance of a single M. kansasii isolate, we found that 18 patients with a single sputum isolate did not develop M. kansasii lung disease during the follow-up period. This result supports the 2007 ATS/IDSA diagnostic criteria for infection with M. kansasii, MAC, and M. abscessus complex, according to which a single positive sputum culture is regarded as indeterminate for the diagnosis of NTM lung disease [5] .
Patients with M. kansasii lung disease typically present with upper-lobe fibronodular infiltrates with cavitation on chest radiographs [7] . In our study, the nodular bronchiectatic and unclassifiable forms were also commonly observed in patients with M. kansasii lung disease, especially those who did not receive antibiotic treatment. This finding is consistent with a recent study [27] in which, various radiographic findings of M. kansasii lung disease were reported. Our findings imply that patients with M. kansasii lung disease can also exhibit the nodular bronchiectatic form, similar to other patients with NTM lung disease.
Regarding treatment for M. kansasii lung disease, we found that 76% of all patients with M. kansasii disease received antibiotic treatment, while the remaining 24% presented an indolent course and did not require antibiotic treatment. Similar to previous reports of good prognoses [5, 7, 38] , all patients who completed treatment showed a favorable response. Moreover, no treatment failure occurred, despite the presence of rifampin-resistant isolates in 3 out of the 23 patients. Regarding treatment regimen, 29% of all patients who underwent antibiotic treatment for M. kansasii lung disease received a macrolide-containing regimen with rifampin. The current ATS/IDSA recommendation for treating M. kansasii lung disease is an 18-month regimen consisting of daily isoniazid, rifampin, and ethambutol therapy. However, untreated M. kansasii strains are easily inhibited in vitro by clarithromycin at lower concentrations than those required for MAC treatment [39] , a result that is readily achievable with the standard therapeutic doses. In addition, a preliminary study showed that the administration of clarithromycin, rifampin, and ethambutol for the treatment of M. kansasii lung disease resulted in favorable treatment outcomes in 18 patients [40] . At our institution, the treatment protocol was changed from including isoniazid to including macrolide antibiotics in January 2013 after discussion regarding treatment of M. kansasii lung disease. Although our sample size was small and some patients are still treatment, our study yielded important preliminary observations regarding the potential of regimens containing macrolide, rifampin, and ethambutol for treating M. kansasii lung disease. Further studies with larger sample sizes are needed to confirm this finding.
Our study did have several limitations. First, this retrospective study was conducted at a single referral institution and thus we were unable to calculate the population-based prevalence. Second, the clinical significance of M. kansasii positivity in patients with M. kansasii isolates who were administered antibiotics (including rifampin) due to accompanying tuberculosis or another NTM disease remains unclear. In addition, as genotyping was not performed in one recurred case, relapse could not be distinguished from re-infection. Finally, although M. kansasii is a heterogeneous species with several distinct subtypes [41] , clinical significance was not evaluated according to M. kansasii subtype.
In conclusion, about half of all patients from whom M. kansasii was isolated from the respiratory specimen presented clinically significant lung disease with diverse radiographic findings. Similar to other NTM lung disease, patients with M. kansasii lung disease can exhibit the nodular bronchiectatic form, especially with an indolent clinical course. The clinical significance of a single M. kansasii isolate was not conclusive, suggesting strict adherence to the recommended diagnostic criteria.
